I. INTRODUCTION Nitrogen (N) is the most important essential nutrient for plant growth, and synthetic N has become the primary N source for increasing and maintaining agricu ltural production [1] . However, overapplication of synthetic N results in low N use efficiency, and high N losses through volatilization as NH 3 , leaching as NO 3 -, NO 2 - and dissolved organic N, nitrification/denitrification as N 2 and N x O emission [2] . These induce both serious environmental problems and severe economic loss [3] .
Various approaches could be used to reduce N losses and increase N use efficiency in agricultural production, such as optimizing application method of N fertilizer, co mbin ing of synthetic and organic fertilizers, and incorporating crop rotation strategies in cropping systems [2] . One approach is using N transformation process inhibitors, i.e. urease inhibitors (UIs), nitrification inhibitors (NIs), and comb ination of them [4] . The inhibitors delay the bacterial o xidation of ammoniu m (NIs) or the hydrolysis of urea (UIs), increasing or prolonging the mineral N in its cationic form, wh ich favored its retention by microbial immob ilization and mineral fixation in soils [5, 6] .
The long-effect additive (NAM), wh ich was developed by Institute of Applied Ecology, Chinese Academy Sciences, integrated synergic functions of urease inhibitor and nitrification inhibitor [7] . The effect of NAM on N transformation was investigated in present study, compared with that of nitrification inhibitor dicyandiamide (DCD).
II. MATERIALS AND METHODS

A. Soil Sampling
The test soil was an Alfisol, and the type of clay mineral was mainly 2:1 clay minerals (TABLE I) . Soil sample (0-10 cm) was collected fro m the treat ment receiv ing phosphorus (P) and potassium (K) fertilizers fro m 1990 at the Shenyang Experimental Station of the Institute of Applied Ecology [8] . The annual application rates of P and K in forms of triple super phosphate and potassium sulfate were 25 kg P/ha and 60 kg K/ha, respectively.
B. Incubation Experiment
The incubation experiment included seven treatments with eight replications: (1) no addition (CK), (2) added urea-N (U), (3) added urea-N and glucose (U+C), (4) added urea-N and NAM (NAM), (5) added urea-N, NAM and glucose (NAM+C), (6) added urea-N and DCD (DCD), and (7) added urea-N, DCD and glucose (DCD+C). Application rates of N and C were 190 mg N/ kg soil and 3228 mg C/kg soil, respectively, and those of NAM and DCD were 2.5% (w/ w) of the urea-N. Soil was sieved <5mm and incubated at 25°C in dark. So il mo isture was maintained at 50% of water-holding capacity. Four replicates were removed on the 8th and 30th days after the experiment started, respectively. Soil NH 4 + -N and NO 3 --N were extracted by 2M KCl, and the extractions were distilled after the addition of MgO and Devardas alloy [9] . The extracted soils were air-dried and passed through a 0.15-mm sieve for the determination of fixed NH 4 + fo llowing the KOBr-HF procedures [10] . Chloroform fu migation extraction method was adopted to estimate the amount of soil microbial bio mass N [11] .
C. Data Analysis and Statistics
Results are presented as the means of the four replicates expressed on an oven-dry weight basis, and analyzed by ANOVA following Duncan's multiple co mparisons at the 0.05 significance level. Statistical analysis was carried out with SPSS 11.0 software package. -N co mpared with the CK treatment (FIGURE I). On the 8th day, the greatest NH 4 + -N was observed in the DCD treatment, and follo wed by the U and NAM treat ments. This is main ly attributed to the inhibition effect of DCD on nitrification, whereas urease inhibitor containing in NAM decreased NH 4 + -N in the NAM treatment because of the retardation in the hydrolysis of urea [7] . On the 30th day, the contents of NH 4 + -N lo wered compared with those on the 8th day, and were significantly higher in the NAM and DCD treatments than in other treatments, because of the existence of nitrification inhibitors [12] .
On the 8th day, there was no significant difference in NH 4 + -N among the CK and glucose treatments, owing to microbial immobilization of NH 4 + with glucose addition. Reference [13] also revealed that glucose addition decreased soil mineral N and increased soil microbial bio mass N. The effects of inhibitors have also been eliminated with glucose addition. Co mpared with the CK treatment, the glucose treatments have higher NH 4 + -N on the 30th day, especially for the NAM+C and DCD+C treat ments. This is due to both nitrification inhibition effect and remineralization of immobilized N [14] . 
B. Influences of Inhibitors and Glucose Additions on NO 3 --N
Addition of urea significantly increased NO 3 --N at different stages in non-glucose treatments , co mpared with the CK treatment (FIGURE II). On the 8th day, the greatest NO 3 --N was obtained in the U treat ment, and the content of NO 3 --N was significantly lower in the DCD treat ment than in the U and NAM treatments, indicating an obvious inhibition effect of DCD on nitrification. Moreover, NAM addition also exhibited the inhibition effect on nitrification to some extent, whereas the inhibition effect of NAM was lower than that of DCD probably because of the different application rates of nitrification inhibitors [4] . Subsequently, the greatest NO 3 --N was achieved in the NAM treat ment on the 30th day, and significantly higher than that in the DCD treat ment.
In contrast to non-glucose treatments, the contents of NO 3 --N were markedly lowered with the addition of glucose on the 8th day. This phenomenon was primarily attributed to the microbial immob ilization for NH 4 + decreased the N transformation from the cationic to the anionic [14] . The inhibitors had little effect on the transformation. However, the content of NO 3 --N was significantly higher in the fert ilized treatments than in the CK treatment on the 30th day. In the glucose treatments, the greatest NO 3 --N was obtained in the NAM+C treat ment, owing to the avoidance of drastic immobilization of fertilizer N with urease inhibitor input [15] . 
FIGURE II. CONT ENT S OF NO3--N IN DIFFERENT T REATMENT S ON THE 8TH AND 30TH DAYS
C. Influences of Inhibitors and Glucose Additions on Soil
Microbial Biomass N On the 8th day, soil microbial bio mass N significantly increased in fertilized treat ments, compared with the CK treatment, and soil microbial bio mass N further increased with glucose addition (FIGURE III). This trend was maintained over the incubation period, with exception for the U treatment on the 30th day. The NAM and NAM+C treatments kept highest levels of soil microbial bio mass N in the non-glucose and glucose treatments, respectively. This was probably attributed to the supply of humic acid with NAM input [7] . DCD also favored to enhance N immobilization by microorganisms, but the difference was not significantly between the treatment receiving DCD and corresponding treatment without inhibitor. Microbial immobilizat ion is an important process of N transformation, by which N can be stabilized in soils [5] . Therefore, additions of NAM and DCD increased soil microbial bio mass N, consequently reduced N losses. was observed at the end of the incubation, owing to the retardation of the hydrolysis of urea and subsequent nitrification inhibition with NAM addition [7] . In conclusion, both NAM and DCD can increase fixed NH 4 + pool, by which an available N pool can be built for crops [17] . -N) was consistently obtained in the NAM and NAM+C treatments on the 30th day in corresponding non-glucose and glucose treatment groups, respectively, indicating the higher availability of N in the treatments containing NAM. Furthermore, both NAM and DCD enhanced N transformation into soil microbial bio mass N and fixed NH 4 + pools, stabilizing N in the soil and reducing N losses. Although glucose addition enhanced N microbial immobilization, the availability of N was significantly lowered. Therefore, the rate and time of organic C application should be optimized to synchronize N supply with crop demand.
